Abstract: An impressive series of content analyses of Public-Private Partnership ͑PPP͒ publications between 1998 and 2003 from four internationally renowned construction journals ͑including the International Journal of Project Management, the Journal of Construction Engineering and Management, the Construction Management and Economics, and the Engineering Construction and Architectural Management͒ was reported. Their work inspired the writers of this paper to continue from where they left it. Based on a two-stage literature review, PPP articles from 1998 to 2008 were analyzed in terms of the annual number of PPP articles published, the writers' contribution, and the research focus in their studies. From the analysis it was found that the number of PPP publications in these journals has been increasing. This finding might imply that PPPs are becoming more important to the construction industry at large. In addition, this study also found that the U.K. researchers have published the largest number of PPP articles, followed by those from the United States, Singapore, Hong Kong, Australia, China, and Germany. Although the build-operate-transfer scheme was the most frequently investigated form of PPP in earlier research, the diverse concept of PPP has attracted a lot of research interest and has become the focus of most recent PPP publications. Research topics published in these journals on investment environment, governance issues, and other supported areas tend to receive more attention from researchers. Moreover, complicated and vigorous analysis techniques such as game theory and fuzzy set theory have also been applied in this field of study.
Introduction
The increasing importance of private participation in public infrastructure development has meant that research papers published with regard to Public-Private Partnership ͑PPP͒ is important both to researchers and practitioners in this field ͑Al-Sharif and Kaka 2004͒. Through this publication process, researchers worldwide can share and gain access to these important research findings and make further advancement in the subject area. Also researchers need not to repeat what has already been done, and instead can continue to build from the work of others.
Academic journals are useful to the research community in general, but important to new researchers in particular. It helps them to gain a wider perspective of the field quickly with ease. Therefore, a systematic analysis of articles published in academic journals would assist researchers to explore the current status and future trends of the chosen topic ͑Tsai and Wen 2005͒. In the field of PPP, Al-Sharif and Kaka ͑2004͒ conducted a comprehensive analysis which reviewed PPP-related publications in four selected construction journals from 1998 to 2003. Their review illustrated the coverage of PPP during this period, the gaps to be addressed by the academic community, and also assessed the impact of the research on the construction industry. The results showed that the number of published papers during 1998-2003 in this area did not reflect the importance of PPP and the actual level of activities associated.
In recent years PPP has been adopted more extensively by governments around the globe, and as a result an increasing number of problems have been reported in the implementation of PPP projects. Therefore a continuous content analysis of professional papers from 1998 to 2008 is believed to be useful in identifying the research trend of this important topic. This study continued to review the research trend in PPP but extended the literature search to other related journals and aimed to address the following questions: 1. What was the coverage of PPP topics during the period of 1998-2008? 2. What did the writers contribute to the PPP publications during the period of 1998-2008? 3. How did the theme/focus/interest of these PPP publications change during the period of 1998-2008?
Background of PPPs
PPP is defined by the Canadian Council for PPP as follows ͑Ca-nadian Council for PPP 2007͒:
"A cooperative venture between the public and private sectors, built on the expertise of each partner that best meets clearly defined public needs through the appropriate allocation of resources, risks and rewards."
Since PPPs were first introduced in the U.K. back in 1997, it has been recognized as an effective way of delivering value for money public infrastructure and services. PPP now accounts for about 15 and 8% of infrastructure spend in the U.K. and Australia respectively ͑Banks 2005͒. On the other hand, PPP also plays a significant role in the infrastructure development of developing countries. Fig. 1 Similarly, there are various other spectrums of PPP modes defined by researchers and practitioners. For instance, the Canadian Council for PPP provides a framework where PPPs can be categorized based on the extent of public and private sector involvement, and the degree of risk allocation. In order of increasing degree of private sector risk and involvement, the categories include operation and maintenance ͑O&M͒, build-finance, build-finance-maintain, lease-develop-operate, design-buildoperate, design-build-finance-maintain, design-build-financeoperate, design-build-finance-operate-maintain, build-ownoperate, concession, etc. ͑Canadian Council for PPP 2007͒.
It is worth highlighting that PPP is not a panacea or a quick fix solution to deliver project financing and realization. Each PPP type has inherent strengths and weaknesses which need to be recognized and integrated into project arrangement to deliver clear advantages and benefits ͑European Commission 2003͒.
However, various problems have been encountered in international PPP projects in many countries, such as high costs in tendering, complex negotiation, cost restraints on innovation, and differing or conflicting objectives among project stakeholders ͑Akintoye et al. 2001͒. Curnow et al. ͑2005͒ also drew attention to the fact that as governments continued to reduce the amount of private sector involvement in core activities, the scope for private sector participants to recover sufficient financial reward is limited and has reached an unsustainable level. The worldwide practices and problems encountered make it necessary to carry out a careful analysis of the research topics currently published by major construction journals, which may be beneficial to researchers by enabling them to identify contemporary research issues.
Research Methodology
Al-Sharif and Kaka ͑2004͒ reviewed papers published by four construction journals from 1998 to 2003, namely the Journal of Construction Engineering and Management ͑JCEM͒, the Construction Management and Economics ͑CME͒, the International Journal of Project Management ͑IJPM͒, and the Engineering Construction and Architectural Management ͑ECAM͒. These four selected journals are among the top-10 construction journals in the ranking of Chau ͑1997͒, which are highly recognized as well as frequently accessed. Since the literature search in the study of Al-Sharif and Kaka ͑2004͒ was only limited to four selected construction journals, useful literature published in other journals and conference proceedings might not have been included.
A research team may probably submit its findings to a hightier journal in its area or a journal with similar topics. Based on this assumption, the writers first chose a search engine to identify journals which published the most PPP articles. The search was further refined by making reference with the journal ranking list of Chau ͑1997͒ in the construction engineering and management area. To acquire a more elaborated understanding of PPP research, this study carried out a two-stage literature review to conduct a content analysis of PPP papers from 1998 to 2008, which is presented in Fig. 2 .
In Stage 1, a comprehensive search was conducted under the "title/abstract/keyword" field of the search engine "Scopus." Search keywords included public-private partnership, privatefinance initiative, build operate transfer, privatized infrastructure, privately financed, etc. Papers with these specific terms in the title, abstract, or keywords were considered to meet the requirements of this study. The search was further limited in the subject areas such as "business, management, and accounting," "decision sciences," "economics, econometrics, and finance," "energy," 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 US$ Billions "engineering," "environmental science," and "social sciences" with the document type of "article or review." The full search code is as follows: AFT 1997 AND PUBYEAR BEF 2009 ) AND (LIMIT-TO(SRCTYPE, "j")) Despite these search specifications, the results may still include some unwanted publications, which happened to meet the search keywords but do not really discuss about private participation in the infrastructure development. However, it was hard to exclude these unwanted results totally. Therefore, these search results were only analyzed in terms of top ranked journals and number of PPP papers published annually.
The results in Stage 1 indicated that JCEM, CME, IJPM, and Public Money and Management ͑PMM͒ have published the most PPP-related papers ͑detailed information is provided in the "Discussion" section͒, and thus were selected as target journals in Stage 2. As the major focus of this study is to examine the research trend of PPP in construction journals, the other three of top-six journals identified in the ranking of Chau ͑1997͒, ECAM, Journal of Management in Engineering ͑JME͒, and Proceedings of Institution of Civil Engineers-Civil Engineering ͑PICE-CE͒, were included in the second stage too. It is found that the top three journals ͑JCEM, CME, and IJPM͒ identified in Stage 1 were also ranked high in the ranking of Chau ͑1997͒. These two selection processes reinforce each other.
In Stage 2, a visual and more comprehensive search of all target journals was carried out instead of via the search engine. In the search, articles which were published under the broad categories of "editorial," "book review," "discussions and closures," "letter to the editor," and "articles in press" were excluded from the analysis. Compared to the analysis in Stage 1, a closer look at the content of selected papers was conducted to identify the changes of research techniques adopted and research interests, and then explore the research trend of PPP.
The research contribution from each country, institution, and researcher was analyzed and ranked quantitatively in a similar fashion as Al-Sharif and Kaka ͑2004͒ did. In their earlier work it was assumed that the contribution of each writer in a multiauthored paper is indiscriminately the same as if the paper is written by a single writer. However, Howard et al. ͑1987͒ advocated that a more accurate approach should be adopted to reflect the actual contribution of each individual writer in a multiauthored paper, assuming that the first writer has contributed more than the second writer, and the second more than the third, and so on and so forth. Howard et al. ͑1987͒ produced the following formula to differentiate the contribution of each individual writer in a multiauthored paper and this formula was adopted by Tsai and Wen ͑2005͒ to identify the research trend of science education Score = 1.5
where n = number of writers of the paper and i = order of the specific writer. Given that each paper has a score of one point, a detailed score matrix for writers is shown in Table 1 . It should be noted that the order of authorship may not always reflect the actual contribution difference. For instance, the principal investigator would take the last position and leave previous positions to other researchers. Thus, this study considered both the contribution score and the number of times that the writer's name occurred. However, the two-stage literature review carried out in this study may provide biases to the results. Therefore, it is worth noting that the analyses in the following only base on the data collected by the specific sampling approach. This study does not aim to the complete population of PPP articles, but only look at the trend of PPP research in the construction engineering and management area.
Discussion

Number of PPP Papers Published Annually
The total number of PPP-related papers identified by the search engine was 1,952, with an increasing trend from 95 in 1998 to 266 in 2008. The total number of papers published in the seven selected journals during 1998-2008 was 4,106. Among these 170 ͑4.14%͒ addressed PPP subjects. This trend reinforced that there is increasing attention in the topic from 9 papers found in 1998 to 22 in 2008. Table 2 shows the number of PPP publications annually and a full publication list selected in the study is presented in the Appendix.
As presented in Table 2 , 910 different journals were found to have published 1,952 PPP-related papers during 1998-2008. It can be seen that more and more academic journals have published PPP papers. The journals JCEM, CME, IJPM, and PMM have published the most PPP papers within the study period, and the respective numbers of PPP publications for each were 41, 39, 28, and 26. Therefore, these four journals were selected as the target journals for the data collection in Stage 2, as described in the "Research Methodology" section. Among the seven selected target journals, JCEM published 40, about 24%, of all the PPPrelated papers, followed by 32 in CME, 30 in IJPM, and 27 in PMM. It is worth noting that IJPM published a special issue ͑2006, Volume 24, Issue 7͒ on PPPs, and so did Volume 23, Issue 7, 2003 in PMM and Volume 156, Issue 5, 2003 in PICE-CE. Combining all the papers from 1998 to 2008, it was found that the PPP interest among the seven journals was similar with a cover- age ratio of 4%, except for JME. These findings may indicate that PPP is increasingly important to the construction industry and the research community.
Writer's Contribution to the Papers
As previously mentioned, by applying the score matrix as delineated in Table 1 , the score of a specific writer in a multiauthored paper can be calculated. For instance, Edwards from Australia published three papers jointly with Li, Akintoye, and Hardcastle from the U.K., but a score of 0.54 was awarded to Australia according to the new calculation method. The country origin, affiliation, and contribution of writers to the PPP research are provided in the following paragraphs. The country origins of PPP publication as shown in Table 3 are listed along with the number of institute/university, researchers, papers involved, and score for each country; among these the U.K. researchers were involved in 59 papers and scored top with 55.38. This is understandable because the U.K. has been recognized to be the major originator of the PPP concept. It is also worth noting that the country origins of most published papers in Table 3 are developed countries/jurisdictions, such as the U.K., United States, Singapore, Hong Kong, Australia, and Germany. These six developed countries together with China have a very high coverage of the whole publication, which was about 79%. This was believed to be a research limitation to the study as the perspective from developing countries was not covered in these publications. Besides, the construction education, national economics, or low English literacy may also be potential reasons why developing countries appear to be less active in publishing PPP papers in these journals and little or no publications were written by writers from Malaysia, Thailand, Indonesia, Philippines, etc., where an active PPP market has been seen. Recent statistics show that there has been an increase of writers from different countries researching into the topic of PPP, as presented in Table 3 . Similarly, more evidence to support this assertion can be seen in Tables 4 and 5 . The analysis shows that 13 researchers contributed in at least four papers and 12 research centers were involved in at least four papers. Among them, R. L. K. Tiong from Nanyang Technological University, Singapore has published 16 papers, and X. Q. Zhang from The Ministry of Water Resources of China ͑formerly at The University of Hong Kong and currently at the Hong Kong University of Science and Technology͒ contributed 13 papers. Due to the efforts of these two researchers, their respective research centers also obtained high scores. Nanyang Technological University, Singapore has contributed 18 papers, followed by 11 of The University of Hong Kong, 9 in the National University of Singapore, and 7 in the Ministry of Water Resources of China and Glasgow Caledonian University, U.K. respectively.
The writers are recommended to cite a reference to its source when referring to all factual material that is not original. Also, a suitable reference can act as an evidence of the findings. Therefore, the citation analysis of selected papers could be considered highly important for evaluating the contributions of the writers and the journals. Tables 6-8 list the most frequently cited papers, journals, and writers ͑all self-citations were already excluded͒. Among them, the paper of Grimsey and Lewis ͑2002͒ has been cited most. The research team of Wang, Tiong, Ting, and Ashley in Singapore contributed enormous efforts too, and four papers from this research team ͑Wang et al. 1998; Wang et al. 1999; Wang et al. 2000a; Wang et al. 2000b͒ were included in the most frequently cited papers. JCEM has been cited most for 189 times, followed by 135 in IJPM, and 118 in CME. From the viewpoint of times cited per PPP paper, JCEM, IJPM, and CME ranged from 4.73 to 3.69.
Research Interests in PPPs
As mentioned previously in this paper, diverse types of PPPs have been adopted in worldwide infrastructure development. Among these different types, build-operate-transfer ͑BOT͒ has been the most popular vehicle in the early years of PPP usage and development. However, through a closer look at the title of PPP papers in recent years, it could be seen that the variety of terms has appeared, which may indicate the evolution of partnerships be- tween the public and private sectors. It was noticed that the concept and terms PPP or PFI were only more widely adopted since 2003.
Through the comprehensive review of these published papers, some similarities are observed especially in the research methodologies. A common research methodology adopted by researchers comprises of four key stages, namely, ͑1͒ topic identification; ͑2͒ data collection; ͑3͒ knowledge processing; and ͑4͒ validation process ͑Fig. 3͒. The first stage of the research methodology is normally achieved via a comprehensive literature review search from journals, conference proceedings, books, reports, articles, etc. Also, a postresearch study would be conducted to investigate the need for the research. Responses from the industry would be achieved and communication with other researchers would be carried out in order to consolidate the worthiness of the research study. After the "topic identification" the second stage of the study would typically be "data collection . This stage will deliver the initial findings of the research study. The final stage of the methodology is normally the "validation process" which will deliver the research conclusions via focus group meetings, pilot studies as used by Ye and Tiong ͑2000͒ and Ho ͑2006͒, and further interviews. Considering the studies of Zhang ͑2006a,b͒ he first determined the objective, which was to seek a concession selection method to achieve "public clients' best value." Next the best value contributing factors were explored through case studies of international PPP practices, literature review, interviews, and correspondence with worldwide bureaucrats. Also, a structured questionnaire survey of the opinions from international PPP experts and researchers was conducted to identify the relative significance and rankings of previously identified factors. Using agreement analysis, factor analysis, and other related statistical analyses, the writer determined the major common parameters that affected the public clients' best value objectives in infrastructure development.
In the study of Al-Sharif and Kaka ͑2004͒ they summarized that the PPP papers published during 1998-2003 of the selected construction journals could be categorized into three groups, namely, "risk," "procurement," and "financial." The proportions of papers within each of these groups are 44, 35 and 21% respectively. However, in the current study which collected papers published from 1998 to 2008, the results clearly indicated that new ideas and topics have been introduced. For instance, Li et al. ͑2005a͒, Vazquez and Allen ͑2004͒, Jefferies ͑2006͒, and Zhang ͑2005a,b͒ explored critical success factors for PPP in order to derive a best practice. In recent years, researchers such as Carrillo et al. ͑2006͒ and Leiringer ͑2006͒ also made investigations on knowledge transfer and innovations in PPPs. Therefore the three categories defined by Al-Sharif and Kaka ͑2004͒ might not be adequate for the continuous analysis of the publications from 1998 to 2008.
In this paper, seven categories are identified for the research interests of PPP papers including ͑1͒ investment environment; ͑2͒ procurement; ͑3͒ economics viability; ͑4͒ financial package; ͑5͒ It may be considered uncertain and subjective to decide which topic research interest represents the scope of each paper ͑Themistocleous and Wearne 2000͒ but the analysis was undertaken by the same group of researchers: hence any variations in views could be eliminated. Also, this study was conducted merely for comparison purposes; hence the approach adopted is believed to be appropriate. Each paper was grouped under one main research interest. Even if the paper covered more than one research interest, the best-fit one was chosen. Based on this approach, the major research interests in PPP from 1998 to 2008 from the selected construction journals are shown in Table 9 .
In recent years it has been obvious that the research interests in PPPs have been increasing. These include governance issues, investment environment, and other supported researches in order to find solutions and overcome problems of PPP projects. 
Conclusions
PPP is becoming an increasingly important vehicle to deliver public infrastructure development and public service. At the same time, researchers are also active to review international PPP practices and explore valuable strategies for better implementation. This paper conducted a two-stage review of related articles published using the search engine "Scopus" in the first stage and then a visual examination of all related papers in the seven selected construction journals, namely, CME, IJPM, ECAM, JCEM, JME, Literature review, (Li et al, 2005b) Case studies, Interviews, Questionnaire, Statistical analysis, (Zhang, 2006a) Scenario analysis, Simulation, Theoretical analysis, Focus group meeting Pilot study, Ho, 2006 ) Interview Literature review Post research Industry response Communication Fig. 3 . General research methodology and common techniques PICE-CE, and PMM, in order to identify the research trends in the field of PPP from 1998 to 2008. Between 1998 and 2008, 170 papers relating to PPP were published in these journals. The range of research interests in PPP shown in these journals has been increasing steadily. From the content analysis reported in this paper, the importance of PPPs is obvious. This study has identified profound evidence to show the increasing impact of PPP to the construction industry. The U.K. researchers were found to be the originators of most PPP papers, followed by the United States, Singapore, Hong Kong, Australia, China, and Germany. The potential reasons why these countries produce more PPP papers than other countries could be due to construction education, national economics, mother language, or the limitation of journals surveyed. In the academic community, Nanyang Technological University in Singapore, The University of Hong Kong, National University of Singapore, and Glasgow Caledonian University in the U.K. have been identified as active institutions in pursuing PPP research.
It was also found that various modes of PPP have been applied in different parts of the world, and the diverse concept of PPP has been publicly accepted instead of the more traditional BOT scheme alone. A general research framework and common techniques for conducting PPP studies have been identified. There has been an increase in research interests in PPP. The three traditional topics risk, procurement, and financial have been expanded to a spectrum of seven categories including ͑1͒ investment environment; ͑2͒ procurement; ͑3͒ economics viability; ͑4͒ financial package; ͑5͒ risk management; ͑6͒ governance issue; and ͑7͒ integration research. For the three traditional research interests, the techniques adopted vary from qualitative to quantitative analyses, and some have included more vigorous techniques/theories in researching in this field.
This study has provided a general overview of the development of PPPs in the academic field and has hence formed a solid platform for scholars and the academe to continue to build from. A better understanding of the research trend in PPP may enable the practitioners to appreciate the key issues in PPP development and hence better able to drive PPP projects which are seen as global trend in delivering major infrastructure projects. The analyses of writers' contribution to PPP research also provide great potential for both scholars and practitioners to seek for a cooperation opportunity. A list of the most-cited papers on PPP could also benefit the profession by suggesting additional readings on PPP-related topics. Ris. 
